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(54) CROCOB PEMOHTA 06CAflHblX K0- 

/10HH 

(57) l4cnoitb30B£HMe: peMOHT ysacTxoB c osa- 
raMM paapyuieHMH m Ae<frexTaMw b cTemcax 06- 
caAHux koaohh. CytUHOCTb M3o6peTeHM«: 
noABwpaiOT uw/iMHApuMecicMft naTpySox pac- 
MGTHoro nepMMOTpa, A/uina xoTdporo 6ojibiue 



BHyrpeHHero A^Merpa 2 peMOHmpyeMoro 
ynacTKa o6caAHOfl koaohmw. a Anvina naipy6- 
xa 6oiibuie aauhu MHTepea/ia noBpexAeHtift. 
nponaBOAAT nonepeMHyio Ap4>opMauMK> naT- 
py6xa no eceft fl/wHe ao noiepw ycTOMMweo- 
ctm, 4>nxcauMK> ero e stom nono*eHHM, cnycx 
b cicsaxMHy m ycraMOBxy b 30He noBpeacAe- 
HMD nyTeM 4>nxcaTopoB. ripw 3tom Maiepna/i 
naTpy6xa Bu6npaK>T no moawio ynpyrocTM - 
E. KOTopw* onpeAe/iniOT m cooTHOuieHMw ; 

1 4 P 

E- — ;«z . w P - KOHiaicTHoe AaB/iemie 
(h/R) 1 * 

naTpy6xa Ha ctchxm o6caAHOfl xo/iohhw: h - 
ToniuwHa ctchxm naTpy6xa; R - paawyc BHyT- 

peHHeft CTCHXM 06CdAHOfl KOAOHHU. 4 MA. 
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M306pCTCMWe OTHOCMTC» K TeXHOflOrMM 6UTb MCnOJIb30B3H3 BUCOKOK3MCCT8CMH3JI 33" 

peMOHTHwx pa6oT b Me*feflo6wB3iomeft npo- KaiieHHa* CTa/ib. CTex/ion/iacTMK m Apyroe Ma- 

Muuj/ieHHOCTM. a MMeMHO. k cnoco63M nwKBM- Tepwa/iw, xapaKTepn3yiomMC TeM, MTO 

AauMM ysacmcoB c OMaraMM paapymeHMH m H3np»xeHHa. boshmkbioiumc b hmx noc/ie no- 

Ae^eiaaMM b cTBHicax o6c3ahux xoiioMM. 5 xepn ycTofiMMBOCTM, He npeeuuiaioT npeAe/ioB 

UeAb M3o6p6TeMiifl - noBuuieMwe 94><t>ex- * TexyMecTM abhhux MaTepna/iOB, T.e. coot- 

tmbhoctu peMOHTHux P36ot it o6ecneMeHMe BeTCTByK>TynpyrMMAe<t»opMauw«M3mxM3Te- 

paBMOMepMoro npuxcaTM* naTpy6xa no aceft pna/iOB. 

ero AnwHe r o6c3ahom kojiohho npM ynpou*e- 3aTeM npoM3BOA«T nonepennyK) Ae*op- 

hmm npouecca ycTaHOBKM naTpy6xa 33 cnei 10 MauMK) naTpy5xa no aceft A/iMHe ao noiepw 

MCK/HOMeHHA AOnO/lHMTe/lbHOrO 803AeftCTBMfl yCTOHMMBOCTM M <|>MKCaUMK> erO B 3TOM COCTO- 

H3 Hero. »hmm. Ann aToro n3Tpy6ox 1 noA3K)T hs bxoa 

Ha 4>mi\ 1 M3o6paaceHO ycrpbAcTBO Ann onpaBKM 2 npOTurMBaiomero ycTpowcTaa c 

npMseAeHMfl naipy6»c3 b cocto^hmc noTepw npeAB3pMTe/ibHO.BiuiK)MeHHUMABMraTefleM6. 

ycTOflMM boctm; Ha <J>mi\ 2 — ceMeHMe ArA Ha <t>Mr. 15 nepeAaiOtUHM opameHwe H3 dojimkw 4 c no- 

1} Ha +mt.'3 - ceMeHiie B-B na 4>nr. 1; Ha <J>Mr. . Mombio MexaHHnecxoro npwaoAa 5. Po/imkm 4 

4-naTpy5oK,3a<J>MKCMpoBaHHwwBCOCTOJiHMM aaxBarMaaioT naipy<5oK m npoTRrMaaioT ero 

nOiepH yCTOHMMBOCTM. BHyrpb KOHMHeCKOH onpaBKM 2 ycTpoftcrea. Ho 

YcTpowcTBO Ann npMBeAeHM* naTjpySxa 1 • Mepe ABM*BHMa naTpy6ica bao/ib BHyrpeHHew 

B COCTOflHM© nOTepM yCTOftHMBOCTM - npOTHfH- 20 nOBepXHOCTM nOCTeneHHO yBeJlklMHB3eTCJI p3- 

aaioiueie ycrpoftCTBo - npeACT3BiiBeT co6o& AMa/ibHaa Ndrpyaka, ACMCTByiomaa na Hero co 

KOHUMecxyto onpaBky 2 c <>opMoo6pa3yiotuvfM ctodohu onpaBKM «3-3a yMeHbiueHu* ee AMa- 

crrepmHeM 3 m po/imksmm 4 f saxpen/feHHUMM MOTpa* W3BecTH0» HTOTOHKiieynpyrwe o5o/ioh* 

nOAflMHeonpaBKM. PonMXM4cBfl3aHwcMexa- km noA Ae&CTBMeM paAwaiibHOw Harpy3xn 

HMHeCKMM npMBOAOM 5, BpBiueHMe H3 KOTOPUM 25 TepflWT yCTOHMMBOCTb, nepeXOA" X HOBOMy co- 

nepeAaeTCfl n^arenew 6. • Floc/ie npMBeae- ctoahmk) pbbhobccma c BunywiocTbio, 

HwiinaTpy6KaB COCToaHMe noTepHycTOftMWBO- oopatAeHHOfl x ueHTpa/ibHofl ocm mm;whaP3. 

cm npw noMomw ashhoto ycTpofiCTaa oh fl/ia o6ecneseHM* nepexoA3 naTpyOxa b co- 

4>HKCMpyeTpi b 3tom coctosihmm nocpeACTBOM cTO«Hne noTepn ycTOftMMBOCTW cnyjxMT 4>op- 

4)MKcaTopoa 7. coeAMHeHHux MexcAy coCqh 30 MOo6pa3yiomiiR CTepxceHb 3. KOTOpbiw 

CTepxHAMM 8. n pmboa 5 npeACT3Bii«eT M3 ce- xoHueHTpMpyer paAManbHyio Harpyaxy Ha naT- 

6n aylbMaTyw nepeAasy c oahoh BeAymeft 9 w py6ox, TepniomiiH ycTO wh n boc t b . flanbHen- 

AByMn bsaomumh tiieCTepHsiMH 10. 11. BeAy- tuan npoTwxcxa naTpy6xa CBnaana x 

man uiecrepHfl 9 ycraKoa/ieHa Wa bwxoahom npoAO/oxaKiiUHMCfi yBeviHMeHneM paAMa/ibHon 

sajiy 12 ABwrsTenfl 6; tia sany 13 BepxHew 35 Harpy3KM« npnao^MT xyBeiiuHeHHio Bbinyx/io* 

bo ao mom luecrepHMycTdHOB/ieH xpafiHufi sep- ctm o6o/iomkm naTpy6xa. noTepjJBUjew ycrroA- 

xhhh po/iMK 4, a Ha Ba/iy 14 hvdkhcm bcaomoh hmboctb, b pesy/ibTaTe sero pa3Mepw 

tuecrepHM xpaMHMft hmxchmm ponnx 4. Po/imkm naTpy6xa 6yAyr cooTBeTCTBOBdTb TpsHcnopT- 

4 (m BepxHMe, m hmkhmc) cBnaaHHwe npwBOA- hum pa3MepaM tch, cnycxaeMwx b cKaa^cMHy. 

hum peMH6M 15. PoiiMKM 4, He CBn33HHue c 40 b M0M6HT AOCTvuceHMii n3Tpy6KOM TpaHcnop- 

BdJiaMM 13 m 14. ewnoflHeMw ynpyroa/idCTMH-' thux pa3Mepos oh npomrMBaeTCfl k xoHuy 

humm MiiK noAnpy)KHHeHbi b pe3ynbT3Te nero onpsBXM 2 h hs auxoAe M3 Hee CTRmaaeTCsi 

ohm 0TcnexcMBaK)T Ae<J>opM3UMK» naTpy6xa. HecxonbKHMM ^MxcaTopdMM 7 (cm. <j>Mr. 4). ko- 

BoxoBwe po/imkm 4 33Kpen/ieHw b kohmmcckom topue oxecTxo coeAMnnioT MaxcAy co6om ciep- 

onpaBKe 2 c B03M0XH0CTbK> apauteHMA. Ohm 45 xchsimm 8. Tbkmm o6pasoM ocyujecTBJisuoT 

He noAnpyxMHeHw m ycTaHOB/ieHbi coocho k onepauMK) 4>MKCMpOBdHMn n3Tpy6xa 1 bcocto- 

4>opMoo6pa3yiomeMy.CTepx(Hx> 3. hhmm noTepM ycTOMHMBOCTM. 

nocne 3Toro npoM3BOABT ycTaHOBxy naT- 

Cnoco6 peMOHTa 33KniOM3eTcn b cnetyyo- py6xa b 30He noepexcAeHMa o5c3ahom ko/ioh- 

uieM. 50 hu. 

BH3Ma/ie ocyiuecTB/iniOT noA&op narpyo- J\nu 3Toroc noMotAbto AepxaTenn(HaMep- 

xa pacKeTHoro nepMMeTpa m ynpyrocrM. Rst- Texce He noxasaH) narpy6ox. 3a<|>MKCMpoBaH- 

pySOK 1 BbinO/IHAIOT 8 BMAe TOHKOCTeHHOrO HUM B COCTOflHMM nOTepM yCTOftMMBOCTM. 

xpyroBoro UMAtiHApa M3 MaTepMBiia o6naAaK>- cnycxatOT b cxaaxcMHy w ycTaHaanMaaiOT na 
iuero cbomctbom ynpyrocTM, npMMeM nepw- 55 ypoBHe ynacTxa n08pe)KAeHMn oOcbahom ko- 

MeTp* uHiiMHApa 5o/)biue BHyTpen Hero /iohhu. CTJtrM83K)iuMe naTpy6ox 1 <|>MKcaTOpu 

nepMMeTpa peMOHTwpyeMOw o6csahom ko/ioh- 7 chmm3iot, nepeMetuau BBepx coeAMHflK)iune 

hu, a AHMHa - 6o/ibiue MHTepsa/ia noapexcAe- mx crepacHw 8, sto npMBOAMT k chatmio paww- 

h mb o6caAHOM ko/iohhw. B xanecTBe anbHoft HarpyaxM, Ae^CTByiomeft Ha narpyooic. 

MaTepnana m 3roTOBneHM n narpy6xa Mox cgT Qo a AeMCTBMeM ycniniti b o6onoMxe t norepnB- 
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weft ycTOMMMBOCTb. naipyCoK 1 B03BpamaeTC* 
s wcxoAHoe paBHOBecHoe cocTOflHwe. 

B CMiiy TOrO. HTO MCXOAHWfi BHeUJHMft AM" 

aMeTp naTpySxa Hecxo/ibxo 6o/ibiije BHyTpeH- 
Mero AMaMeTpa o6caAHOii koaohhw. FlaTpyGox 
nnoTHO m paBHOMcpHO npwKMMaeTCfl ico6caA- 
hob KOHOHH6* nepexpuB y<iacTox noBpe*Ae- 

Bw/im npoBeAeHu na6opaTopHbie McnuTa- 
hw« cnocoOa peMOHTa o6caAHbix ko/iohh Ha 
MOAe/iw o6caAHOft kojiohhu c ue/ibio npo- 
eepKnero pa6oTOcnoco6HOCTM. MoAenbo5- 
caAHOfl ko/iomhu npeACTaBA«eT co6ofi 
to/1 CTOCTeH Hy k> Tpy6y c BHyTpeHHMM AwaMeT- 
poM 80 mm, napaMBTpoM 251.2 mm m a/who* 

500 MM. 

HaTpyOoK Bbino/iHeH wa CTex/ion/iacTMxa b 
bma© TOHicocTeHHoro xpyrosoro UM/IMHAPa. 
TO/iiUWHa ctchkm KOToporo 0,3 mm, a nepMMeTp 
251,6 mm. 

B icaMecTBe npomrMBaiomero ycTpoftCTBa 
Mcno/ib30Ba/iacb xoHMMecKasi onpaBKa co 

BXOAHUM AMaMetpOM 1 00 MM, BSIXOAHWM - 70 

mm, aamhoA 600 mm c oahmm <J>opMoq6pa3yio- 
iumm CTepxcneM BAO/ib BHyipeHHeft noBepxHO- 
ctm onpaBKM. npOTflxcxa ocyiuecTBiinnacb 
AaB/ieHweMH3TopeunaTpy6Ka. Ha buxoac M3 
npoTflniBatoinero ycTpo&CTBa naTpy6ox mmcji 
AnaMeTp 70 mm, npuMeM <|>opMOo6pa3yiomMft 
CTepxceHb yace He xacancfl BbiBcpHyioft 060- 
noMKM naTpy6K8. m b TaxoM nonoxeHiiM naTpy- 
6ox 6uii noc/ieAoaaTe/ibHO CTsmyr AayMfl 
(fMKcaTopaMM, coeAMHeHHWMM Me)KAy co6ofl 
AByMii craiibHUMM crepKHAMH. 

3aT6M naxpy6ox 6u/r cnymeH b MOAenb 
o6caAHoft xoiioHHbi ao ypoBHfl 30HW noBpew- 
AeHMfl o6caAHoA ko/iohh w c noMouibio aepxca- 
Te/i». nonepenHbie p?3Mepw KOToporo He 
npeBMiua/iM 70 mm. 3aTeM cTflwaaiomiie <J>wx- 
caTopw CABMra/iw k BepxHeMy Topuy naipy6xa 
aa c*4aT ycwiwfl. nepeAaBaeMoro Mepe3 crep*- 
. HM. 

B MOMeHT ch«tm» nocneAHero 4>MKcaTopa 
CB060AHbiA naTpyGox no/iHoctbio BoccraHo- 



BMfl CBOK) 4>OpMy, npMXCaBUJMCb X BHyTpeHHCfi 

CTenxe o6caAHOft ko/iohmw m nepeicpuB 30Hy 
noBpettASHiifl. 

AHanorviHHbiM o6pa30M 6w/im npoBeAeHw 
5 wcnbiTaHMa b yaioBuflx no/iHoro aano/iHeHwn 

MOAe/lM 05CdAH0A KO/lOHHbl BOAOfi. 

/1a6opaTopHbte AdHHbie noATBepAM/w pa- 
6oTOcnoco6HOCTb Aannoro cnoco6a peMOHTa 
o6caAHWx ko/iohh. riaTpy6oK no/iHOCTbio, 6e3 
10 noBpexcAeHua h cK/iaAOK bocct3hobw/i cbok> 
4>opMy m fuioTHO o6/iera/i BHyrpeHHioio CTeHxy 
o6caAHOfl KO/iOHHbi, H3omipy» 30Hy noBpe*- 

A6HMfl. 

OopMy/ia M3o6peT.eHM> 
15 Cnoco6 peMOHTa oOcaAHux ko/iohh, 
BioiKwaiomMfi hoa6op naTpyf>K3 pacseTHoro 
nepwMeTpa, nonepesHyto ^e4>opMauMK) naT- 
py6xa no eceft Anwne, cnycx ero b cxBaxMHy m 
ycraHOBxy 6 30He noBpexAeHM«, omMHaio- 
20 m « * c si TeM, mto. c uejibio noBbiuieHwa 
34><|>eKTHBHOCTM peMOHTHbtx pa6oT m o6ecne- 
MeHMfl paaHOMepHoro npwxaTMg naTpy6xa no 
Bcefl ero a«mho ^ o6caAHO« KO/ionne npw oa- 
HOBpeMeHHOM ynpomeHMM npouecca ycTa- 
25 hobkm narpy6Ka 3a cmbt mckhombhiisi 
Aono/iHMTe^bHoro bosagWctbmji Ha nero. Ma- 
Tepna/1 naTpy6xa Bbi6vipaioT no MOAy/"6 ynpy- 
rocTM E, npMSGM noc/ieAHM(i onpeAe/i«iOT W3 

COOTHOUieHMfl 



30 



E > 



1,4 P 



(h/R) 



rAe P - xoHTaxTKoe AaaneHne narpy6xa na 
CTenxw o6caAHO« ko/iohhw: 
35 h - To/imwHa CTenxM naTpy6xa: 

R - paawyc BHyTpeHHefi noBepxHocm 06- 

CaAHOM KO/lOHHbl, 

a nonepeMHyw a® 4* o p Ma umk> t " na.T py 5xa no 
• ace(j AnwHO ocymecTBiiniOT ao no'tepw ycTOft- 

^ -MMBOCTW, 3BTeM ert) <t>MKCHpy»TB 3TOM COCTO- 

whmw w nocAe cnycKa b 3QHy noBpexAeHMR 

4>HKCaTOpbl CHMM3IOT. ^ ' ' V 
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of calculated perimeter is selected where 
the perimeter length is greater 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1.4P/(h/R) 1 1 /5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A- A cross section 
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 1 1 . Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 25 1 .6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 



1810482 



6 

its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) 11/5 

where Pis the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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